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EFFECT OF FORWARD VELOCITY ON SOUND-PRESSURE LEKEL 

I N  TRE NEAR N O I S E  F I E L D  OF AMOVING JET 

By John C. Fakan and Harold R. Mull 

An i n f l i g h t  inves t iga t ion  of t h e  near noise  f i e l d  along t h e  bound- 
a r y  of an aircraft-mounted j e t  engine was conducted over a f l i g h t  Mach 
number range of 0.35 t o  0.70 a t  a l t i t udes  of 10,000, 20,000, and 30,000 
f e e t ,  at 2 and 3 nozzle-exit  diameters downstream of the j e t  e x i t .  

The sound-pressure l eve l s  were found t o  be constant over t h e  f u l l  
Mach number range. 

The r e s u l t s  of the  experiment tend t o  subs t an t i a t e  pred ic t ions  of 
t he  Mach number e f f e c t  on j e t  noise production. 

INTF.ODUCTION 

The high noise  levels of t u rbo je t  engines have c rea ted  a demand 
f o r  experimental c l a r i f i c a t i o n  of t h e  influence of forward motion on 
j e t  noise  production. Experiments have been conducted on je t  a i r c r a f t  
f l y i n g  over s t a t iona ry  ground observation po in t s  (egg., ref. 1); th i s  
represents  the f a r - f i e l d  case of a moving source ( i n  the sense of motion 
of t h e  a i r c r a f t )  and a f ixed  observer. 
near - f ie ld  case of a moving source and a moving observer i n  a s t a t iona ry  
medium. Both types of measurement a re  of i n t e r e s t .  

The present  tes ts  represent  t h e  

One means of studying the e f f e c t  of forward motion on j e t  noise  pro- 
duct ion i s  t o  m a k e  measurements or? the  near noise f i e i d  of the j e t  both 
s t a t i c a l l y  and i n  f l i g h t .  These measurements are poss ib le  through the 
use of streamlined microphone sh ie lds  of very low self noise. 

Predic t ions  of t he  changes i n  near-f ie ld  sound-pressure l e v e l s  re- 
s u l t i n g  from changes i n  forward ve loc i ty  of t y p i c a l  j e t  engines are pos- 
s ib l e  i f  a f e w  assumptions concerning the mechanism of j e t  noise produc- 
t i o n  are made. These assumptions and the r e s u l t i n g  ca lcu la t ions  are 
based on engine parameters and on near-noise-field measurements of 
s t a t iona ry  j e t  engines ( r e f .  2 ) .  
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The purpose of the  inves t iga t ion  reported here in  was t o  measure ex- 
perimentally t h e  e f f e c t  of forward ve loc i ty  on the  near noise f i e l d  of 
a moving j e t .  

. 
These t e s t s  were conducted over a range of Mach number from 0.35 t o  

0.70 a t  a l t i t u d e s  of 10,000, 20,000, and 30,000 f e e t  using a single-engine 
f ighter- type j e t  a i r c r a f t .  

APPARATUS 

The a i r c r a f t  used i n  t h i s  inves t iga t ion  w a s  powered by a s ing le  J-33 
turboje t  engine. This a i r c r a f t  provided room f o r  an engineer observer 
as well  as f o r  t he  p i l o t ,  and f o r  t he  i n s t a l l a t i o n  of t he  measuring 
e quipmen t . 

The microphone w a s  mounted on a r i g i d  boom at tached t o  the  a f t  sec- 
t i o n  of t he  a i r c r a f t  i n  such a way t h a t  t he  pos i t i on  of t he  microphone 
could be adjusted t o  l i e  j u s t  outside the  boundary of t he  j e t  stream i n  
t h e  near noise f i e l d  (see f i g s .  1 and 2 ) .  
condenser type with an included preamplifier.  The microphone assembly 
w a s  rubber-mounted i n  an enclosure formed as a body of revolu t ion  of a 
high-speed a i r f o i l  section; it w a s  f i t t e d  with a wind screen t h a t  w a s  
made from fine-mesh s t a i n l e s s - s t e e l  screen r o l l e d  t o  reduce surface 
r oughne s s . 

The microphone w a s  a s m a l l  

The e l e c t r i c a l  output of t h e  microphone preamplif ier  w a s  recorded 
on a f l igh t - type  tape recorder mounted i n  the  nose sec t ion  of the air-  
c r a f t  ( f i g .  3). 
channels for t he  recording of such data as Mach number, a l t i t u d e ,  and 
other  per t inent  information, as w e l l  as a separate  channel f o r  microphone 
data.  

The tape recorder provided a s u f f i c i e n t  number of 

The da ta  were reduced on a 1/3-octave-band audiofrequency spectrom- 
e t e r  and automatic recorder.  

The response of the  system from the  microphone t o  the  spectrometer 
tape was within 1 decibe l  of f l a t  f o r  a frequency range from 50 t o  8,000 
cycles  per second, as shown i n  f igu re  4, A block diagram of the  system 
e lec t ronics  i s  shown i n  f i gu re  5. 

PROCEDURE 

Near-field measurements of noise  from t h e  j e t  were made at 2 and 3 
nozzle-exit diameters downstream of t h e  nozzle. Measurements were made 
over a range of Mach number from 0.35 t o  0.70 a t  pressure a l t i t u d e s  of 
10,000, 20,000, and 30,000 f e e t .  

.. 
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Before and a f t e r  each t e s t  f l i g h t  a 400-cycle c a l i b r a t i o n  s i g n a l  
was introduced through the  system. 
General Radio type 1307-A o s c i l l a t o r  and ca l ib ra to r  applied t o  t h e  boom- 
mounted microphone. 
w a s  1 2 1  decibels.  
i n  decibels  (ab) and are  based on a reference l e v e l  of ZXlO'* dynes/cm2.) 

The source of t h i s  s i g n a l  w a s  a 
rl 

The sound-pressure l e v e l  of the  ca l ib ra t ion  s igna l  
( A l l  sound-pressure leve ls  i n  t h i s  repor t  a re  s t a t e d  

The procedure f o r  taking the  inf l igh t  da ta  consis ted of t he  follow- 
ing: 
then slowed t o  minimum safe  airspeed by reducing the  engine t h r u s t  t o  
idle. 
background noise levels .  The engine was then set t o  t h e  100-percent-rpm 
leve l ,  and the  a i r c r a f t  was allowed t o  accelerate.  The p i l o t  maintained 
a constant pressure a l t i t u d e  and ca l l ed  out the indicated Mach number i n  
0.05 s teps .  
c r a f t ,  t he  engine th rus t  l e v e l  was again reduced t o  idle i n  order t o  
allow t h e  background l e v e l  a t  the  high f l i g h t  speed t o  be recorded. 
time durat ion of each t e s t  run was about 3 minutes. 

The a i r c r a f t  was trimmed t o  l e v e l  f l i g h t  a t  t he  t es t  a l t i t u d e  and 

A t  th is  point  the  recorder was turned on t o  obtain a record of the  

When the  forward airspeed reached t h e  l imi t a t ion  of t he  air- 

The 

The verba l  Mach number markers were recorded on a separate  channel 
I of the  magnetic tape t o  provide a means of cor re la t ing  t h e  sound-pressure 

l e v e l s  with the  a i r c r a f t  Mach number. 
I 

rn Lhe da ta  were recluzed by playing back t h e  recorded sonnd data  through 
t h e  aforementioned 1/3-octave-band f i l t e r  assembly and automatic recorder. 
The Mach number data  were marked on t h e  automatic-recorder tape manually 
by the  operator. 

The noise da ta  f o r  each f l i g h t  run were reduced a t  each 1/3-octave 
band over t h e  usable range of frequency as  w e l l  as  f o r  t he  over-al l  f r e -  
quency range. 
f o r  any Mach number e f f ec t ,  

This,allowed the  spectrum of the noise f i e l d  t o  be s tudied 

The at tenuat ion due t o  the  wind screen was determined by comparing 
ground-run data with r e s u l t s  taken with the  wind-screen removed. This 
cor rec t ion  i s  the  only one t h a t  was  applied t o  the  data. 

During a l l  tes t  runs, with the  engine a t  t he  100-percent-rpm condi- 
t ion ,  t he  background l e v e l  w a s  a t  l e a s t  6 decibels  below the  da ta  level .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t h i s  inves t iga t ion  show t h a t ,  for t he  range and scope 
of t h i s  experiment, t he  sound-pressure leve ls  of the near - f ie ld  j e t  noise 
are independent of a i r c r a f t  velocity.  A study of t h e  curves i n  f igu re  6 
shows no e f f e c t  of Msch number on over-all  sound-pressure l e v e l  within 
the 1.0-decibel r eadab i l i t y  of t he  data. Figure 6(c)  i s  a copy of a 
t m i c a l  c?atz. tape as obtained from the  automatic recorder.  
subs tan t ia tes  the predict ions of Mach number e f f ec t  mentioned i n  the 
i n i t i a l  summary of t h i s  r epor t .  

0 

. This r e s u l t  

The assumptions used i n  such a predict ion 
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a re  tha t :  
the  difference between the  ve loc i ty  of the  j e t  and the  ve loc i ty  of the  
ambient or free-stream air  i n t o  which the  j e t  i s  mixing, and (2) t h i s  
function of ve loc i ty  i s  of low order (perhaps f i r s t  or second power) i n  
the  region considered (2  and 3 nozzle-exit  diameters downstream of the  
j e t  e x i t ) .  The second assumption i s  based on the ava i lab le  s tud ies  of 
measurements i n  t h e  near noise f i e l d  of s t a t iona ry  j e t s  (e.g., r e f .  2 ) .  
A sample of t he  r e s u l t i n g  ca lcu la t ions  i s  shown i n  t h e  appendix. 

(1) The nea r - f i e ld  noise production of a j e t  i s  a funct ion of 

* 

The only observable parameter t h a t  seemed t o  have any e f f e c t  on the  
near-f ie ld  noise l e v e l s  was t h a t  of a l t i t u d e ,  as shown i n  figure 7. 
a l t i t u d e  e f f e c t  i s  probably due, for the  most pa r t ,  t o  the  decrease of 
ambient dens i ty  with increasing a l t i t u d e .  
pressure l e v e l  with a l t i t u d e  i s  not derived because of the  unknown change 
i n  microphone s e n s i t i v i t y  with changing ambient pressure.  

This 

The absolute  change of sound- 

It should be pointed out t h a t  t h e  ground-level po in t  i n  f i g u r e  7(b) 
seems t o  be high, which may have r e s u l t e d  from impingement of the j e t  
on t h e  microphone. 

The engine exhaust pressure r a t i o  during a l l  t e s t  runs w a s  always 
l e s s  than 2 and usua l ly  l e s s  than 1.85. 

Examination of t h e  s p e c t r a l  da ta  repor ted  herein ( f ig .  8) shows 
t h a t ,  while t h e  whole spectrum changes i n  l e v e l  with a l t i t u d e ,  t he re  i s  
very l i t t l e  s h i f t  within the  spectrum as a func t ion  of Mach number. 
Only the spec t r a  f o r  t he  10,000-foot-alt i tude f l i g h t  condition a r e  p l o t -  
ted,  because they show the  l a r g e s t  amount of change. 

Acoustical  measurements i n  t h e  near noise  f i e l d  of a j e t  a i r c r a f t  
i n  f l i g h t  ind ica ted  t h a t :  

1. The sound-pressure l eve l s  of noise  produced by the  j e t  were i n -  
dependent of a i r c r a f t  Mach number within the  range of Mach number covered 
i n  t he  inves t iga t ion  (0.35 t o  0.70) and within the  r e a d a b i l i t y  of the  
da ta  (1 db) . 

2.  The observed value of sound-pressure l e v e l  decreased with increas-  
ing pressure a l t i t u d e .  

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, June 23, 1959 
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APPENDIX - CUULATIONS FOR PREDICTION OF NEAR-FIELD JET NOISE 

Jet  ve loc i ty  as a func t ion  of forward speed can be obtained from 
jet-engine da t a ,  

The engine used i n  t h i s  inves t iga t ion  produced 
of V j  - VO at  a 10,000-foot pressure a l t i t u d e :  

t h e  following values 

where i s  t h e  a i r c r a f t  Mach number, Vo i s  the a i r c r a f t  ve loc i ty ,  
and V j  i s  t h e  ve loc i ty  of t h e  jet. Assumption 1 (given i n  t e x t )  implies 
t h a t  

where Adb i s  t h e  d i f fe rence  i n  sound-pressure l e v e l s  between conditions 
1 and 2, and 7 i s  a pos i t i ve  number. Assumption 2 requi res  t h a t  

7 = 1 or  2 (for t he  zone between 2 and 3 diameters 
as covered i n  t h i s  i nves t iga t ion )  

A pred ic t ion  based on these  two assumptions gives t h e  following 
r e s u l t s  : 

or 
Adb = -0.79 f o r  7 = 1 

and 

Adb = -1.58 for 7 = 2 

Both of these small values, especially t h e  value f o r  T) = 1, could have 
gone undetected i n  t h i s  experimental inves t iga t ion .  

S i m i l a r  r e s u l t s  are obtained a t  the other a l t i t u d e s  covered i n  t h e  
experiment. 



6 

REFERENCES 

1. Greatrex, F. B.,  and Brown, D. M.: Progress i n  Jet Engine Noise R e -  
duction. Rolls-Royce Ltd. (England). 

2 .  Howes, Walton L., Callaghan, Edmund E. ,  Coles, Willard D.,  and Mul l ,  
Harold R. :  N e a r  Noise F i e l d  of a Jet-Engine Exhaust. NACA Rep. 
1338, 1957. (Supersedes NACA T"s 3763 and 3764.) 



. 

M co 
M 

w 

I -  
$ :  

.rl 
m 

I S  

c 

8 
0 
P 



8 

a 
a, 

8 
k 



9 

* I 

8 a 
k 
0 
V 
a, 
k 



10 

-t- 
R 



11 

. 

L 

1 

I [I) 



12 



13 

. 

- 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
0 

m 
m 
0 

m 
m 

m 
D 

D 

8 

rn 

rn 
D 

D 

D 

B 

B 

B 

L 

: 
I L 

0 m d 



14 

0 
0 
0 
0 to 

h 

0 
0 
0 
0 
cue 

k 

h 

- 
% 
9 
-P 
.rl 
-P 
rl 
cd 

3 
m 
m 
a 

O k  
O h  
0 
0 
rl 

h 

0 

M 
I w 
0, w 



m 

w 

0 
CD 
ri . 

m m 
ri 

0 
Lo 
ri 

m 
dl 
d 

15 



16 

Y 

I \  

A 

0 co 
rl 

0 
m 
rl 

0 + 
rl 

0 
M 
rl 

0 cu 
rl 

0 
d 
rl 

NASA - Langley Field, Va. E-383 


